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5.1  SUMMARY 
 
  The main idea of this work is to design, fabricate and test a new type of heat pipe with 
the application as the heat roll of the fusing unit of photocopy machine. This heat pipe is 
named Roll Heat Pipe (RHP) in this work. Roll Heat pipe consists of two concentric 
annular pipes with wick structure attached to the inner wall. Wicks at different 
diameters are connected to each other by bridge wicks.  
  In this work, heat pipe science and technology is explained. Chapter 2 of this 
dissertation is devoted to the introduction of research works done so far in order to 
apply heat pipe as uniform fusing device in photocopy machines. A new generation of 
copier called “MFP Image Neo 350/450 series” is also introduced and in this work, the 
fusing unit of this new model is under study. The experimental and theoretical study in 
order to investigate the operation of Roll Heat Pipe come next and some important facts 
is concluded which are described briefly in the next section. 
 
5.2  CONCLUSION 
 
The conclusion of this work can be itemized as follow: 
(1) Heat pipes are capillary driven two phase flow heat transfer devices which have 
found many applications. The most well known types of this effective device are: 
Micro heat pipes, Vapor chamber, Pulsating/Oscillating heat pipes, Capillary Pump 
Loops (CPL) and Loop Heat Pipes (LHP), Thermosyphons  
(2) As a new type of heat pipe, Roll Heat Pipe (RHP) is introduced in this work. The 
idea is the application of RHP as a uniform fusing device in the fusing unit of 
photocopy machine.  
(3) So far, some researchers have tried to use heat pipe in the fusing unit of copier and 
they have found that more uniform temperature field can be generated by using 
heat pipes in fusing unit. Also, fast thermal response of heat pipes is another 
important feature of heat pipes which makes them to be good candidate as heat roll. 
The shorter the warm up time of heat roll, the less energy consumption is.   
(4) The results show that, reduction of the fill charge decreases the warm up time of 
RHP.  
(5) RHP can generate very high level temperature field on the outer surface which is 
due to the saturated condition of the working fluid inside RHP.  
(6) Reduction of heater length does not have a significant effect on the level of 
temperature uniformity of the outer surface. Therefore, shorter heater can be used 
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as heating device (Figure 5.1) 
(7) Heat roll is thin shell roll made of aluminum and the maximum temperature 
difference on the outer surface is more than 8 Cο while this maximum temperature 
difference on the outer surface is less than 2 Cο  for RHP. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.2 shows the temperature distribution on the outer surface of heat roll with 
tubular heat pipe inserted inside. This work is done by Furukawa Company (Murase 
from Furukawa). Heating method is by Induction Heater (IH) and is applied to a portion 
of heat roll where the evaporators of heat pipes are placed. Unlike the heat pipe 
application shown in Figure 5.2, all the internal volume of RHP is filled with vapor and 
therefore the temperature uniformity generated by RHP is better especially at the two 
ends. 
Figure 5.2  Temperature distribution on the outer surface of heat roll with and without heat pipe 
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Figure 5.1 Temperature distribution on the outer surface of Roll Heat Pipe and Aluminum heat roll 
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(8) Test results show that the amount of fill charge and rotational speed does not have 
significant affect on the temperature uniformity degree of the outer surface of 
RHP.   
(9) The maximum heat input which can be applied to RHP by halogen heater is about 
1000 Watt. Increasing the heat input decreases the thermal resistance of RHP and 
improves the operation of RHP. 
(10) Increasing the heat input to RHP up to about 300 Watt, decreases the warm up time 
rapidly but more than this heat input, warm up time reduction is slow.  
(11) Numerical study is done to model the performance of RHP during transient and 
steady state operation. Numerical results are compared with test results in this 
work and in most cases, the agreement is very good (Maximum 5% difference for 
transient operation and 5% difference for steady state operation). Number of grid 
points for transient numerical modeling is 200 in radial direction and for steady 
state operation; the number of grid points is 200 in radial direction and 300 in 
longitudinal direction.   
 
 
 
 
 
 
 
 
 
 
 
  
 
  As it can be seen in Figure 5.3, the temperature at the right portion of heat roll is 
lower than the left portion since the roll is exposed to paper at the right portion. The left 
portion is exposed to atmosphere and temperature is increased. In the case of Roll Heat 
Pipe, the temperature difference between these two portions are very small therefore, a 
considerable amount of heat can be saved when Roll Heat Pipe is used. Besides, the 
high level of temperature uniformity generated by Roll Heat Pipe is not disturbed when 
the width of paper is suddenly changed. In this way, the high quality of fusing done by 
Roll Heat Pipe always remains at different conditions. The amount of heat which is 
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Figure 5.3 Temperature distribution on the outer surface of Aluminum heat roll and Roll Heat Pipe 
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saved by using Roll Heat Pipe in comparison with condition (a) in Figure 5.3 is about 
17.7 Watt. For condition (b) is about 23.28 Watt and for conditions (c) and (d) are 9.04 
Watt and 47.27 Watt respectively. For description about conditions (a) to (d) refer to 
Table 4.2. 
(12) In this study, the minimum fill charge of RHP is determined experimentally. Since 
reduction of fill charge reduces the weight of RHP and decreases the warm up time, 
determination of minimum fill charge and operational characteristics of RHP at 
minimum fill charge is important.   
(13) The results show that RHP with 4 bridge wicks can operate at lower amount of fill 
charge compared with RHP with 2 bridge wicks. At the fill charge a bit higher than 
minimum fill charge, the experimental results show that the maximum heat 
transport capacity of RHP decreases when the rotational speed increases since the 
effect of centrifugal force is unfavorable.  
(14) At minimum fill charge, RHP maintains its high level of temperature uniformity at 
any rotational speed. 
(15) A physical model as well as theoretical model is proposed to predict the maximum 
heat transport capacity of RHP at different amount of heat input and at any amount 
of fill charge at different rotational speed.  
(16) Since the main purpose of this work is the application of RHP as heat roll of copy 
machine, some important features of RHP, if used as heat roll, is shown in 
following table: 
 
Table 5.1  Comparison of heat pipe with real machine 
 Heat Pipe Apeosport-II KM-C870 WORKIOC 450 KM-5035 
Color/Monochrome  Color  Color Color Monochrome 
Warm-up Time 108 sec 45 sec 180 sec 45 sec 20 sec 
Dissipating Power at ready 140 Watt 230 Watt 254 Watt 230 Watt 160 Watt 
Maker  Fuji Xerox KYOCERA Panasonic KYOCERA 
 
As it can be seen in Table 5.1, when RHP is used as heat roll, heat dissipation to the 
atmosphere at steady state condition reduces compare to aluminum heat roll.  
 
5.3 FUTURE WORK 
 
(1) Investigation of the operation of Roll Heat Pipe at higher rotational speed. In future, 
the number of copy per minute will increase and this means that heat roll must rotate 
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at higher rotational speed. If heat pipe is used as heat roll, this heat pipe should 
function properly at higher rotational speed. 
(2) The experimental results show that the minimum amount of fill charge for RHP type 
4-10 and 4-20 is 50% while this value is 100% for type 2-10. This means that the 
number of bridge wicks affect the minimum allowable fill charge. Making a  
physical model for explanation of this phenomenon could be an interesting future 
work.  
(3) One of the main purpose of this work is the reduction of warm-up time by using 
heat pipe as heat roll. RHP which could be good candidate for this purpose has fast 
warm-up time but still needs to be designed for much faster warm-up. Study of RHP 
performance which is heated with Induction Heater (IH) could be another important 
future work. Induction heater can apply heat directly to RHP and warm-up time-lag 
between heater and RHP is minimized.  
(4) Because of the annular shape of RHP, it is possible to use this device as a heat 
exchanger. For instance; if a hot liquid flows inside the inner pipe or outside the 
outer pipe, a large amount of heat can be transferred to the other side where a cold 
liquid flows. Due to phase change heat transfer inside heat pipe, we would be able to 
transfer a large amount of heat using a very short pipe.  
(5) In this work, RHP is used for uniform fusing. As another application and probably 
an interesting future work, RHP could be used as a device for uniform quenching of 
metals with flat shape. If used in this case, outer pipe should be considered as 
evaporator and inner pipe as condenser.  
(6) The length of heat roll of fusing unit is 300 mm but in large machines this length is 
more than two meters therefore uniformity of temperature on the outer surface will 
be much more important. Design and performance study of large scale RHP for this 
application would be interesting topic for future research. 
(7) Recently, Sony Manufacturer Company is interested to gather the heat from a copied 
paper by a photocopy machine. This heat is the kind of thermal heat loss and by 
gathering this thermal energy we would be able to reuse it. Roll Heat Pipe could also 
be a good candidate but in this case, the outer surface would play the role of the 
evaporator and the inner pipe would be the condenser.  
